The paper describes the realization of a real-time control for the Vienna sewer system. The project is scheduled for completion for 2004. The 3.5 year project comprises all planning stages starting with the recording of data up to the planning of measuring and controlling units. The concrete steps of the planning stages are explained. A measuring system including 25 rainfall measurements, 40 flow measurements and 20 water level measurements is implemented as an online system. This measuring system is designed to achieve two objectives, on the one hand the real-time control and on the other hand the calibration of the model that is used for the hydrodynamic sewer system simulation. The approx. 53,000 pipes have served to generate a coarse network of no more than approx. 2,600 pipes. The area data were derived with high accuracy from available aerial photograph interpretations. With simulation runs of a rule-based control software the system operation was examined. A self-learning system will improve the rule basis. A forecasting model that uses weather observation radar will additionally influence the controlling decisions. The findings from the investigations are immediately considered in the planning of measuring and control units. The simulated results for the first phase of implementation, which demonstrate the benefit of RTC for the Vienna sewer system, are explained.
Introduction
The historically grown sewer system of Vienna is currently being increased according to the requirements of water protection within the framework of an expansion plan. The project plans basically intend to build large storage sewers (relief pipes) beside the Donau, Donaukanal, Wienfluss and Liesing which are designed to minimize combined sewer overflows that occur in the case of rainfall events in these receiving waters.
From the beginning, the main idea of the project was to set up a wastewater management which could be run with the help of a central control system and which concentrates on three main points (MA30 -Wien Kanal 1998, ff): † Minimization of the combined sewer overflows into the receiving waters of Donau, Donaukanal, Wienfluss and Liesing; † Moderation of the loads for the Vienna main wastewater treatment plant; † Improvements for the sewer management by using the possibilities of operation control and a purposeful channel flushing system. To set up an efficient wastewater management on the basis of real-time control (RTC), four models are required: † Simulation model for the temporal and spatial forecast of the rainfall distribution for the catchment area; † Simulation model for the calculation of the rainfall-runoff process on the surface; † Simulation model for the hydrodynamic calculation of flows in the sewer system; † Optimization model for the control devices within the global system.
Characteristics of the Vienna sewer system
The key features describing the Vienna sewer system are given in Table 1 .
General objective
The general objective of the project is to optimize the loads for the main wastewater treatment plant in Vienna by matching the temporally and spatially different rainfall-runoff processes of the five main collector catchment areas (see Figure 1 ) with the control system.
The available storage in the main collectors of the sewer system at the end of the project (fourth state of development) can be described as in Table 2 .
With reference to the future area of 8,720 ha a mean volume of ¼ 72 m 3 /ha results for the entire city of Vienna. Thus, the effective storage volume (50% diminishing factor for storage pipes) is 36 m 3 /ha which corresponds to the state of the art for this type of receiving waters (MA30 Wien Kanal, 1998 ff). The combined sewer flow rate for the main wastewater treatment plant of 18 m 3 /s was determined with regard to the future network expansion. This leads to balanced pollution load efficiency within the entire system ( Figure 2 ). General structure of the RTC system To achieve the results mentioned above, the following elements are subject to control within the sewer system: † water levels in the channel system † slide valves and weir positions, pumping rates † flows and discharge volumes † surcharge within the system † volumes of overflow into the receiving waters.
The control system receives as input data the rainfall volumes of the different areas that have been measured by rain gauges (Figure 3 ). The forecasts of the temporal-spatial rainfall processes are simulated using the data of the weather observation radar units. These forecasts form the input to the hydrodynamic simulation of the expected flows within the sewer system. The control model adjusts the control devices according to the control strategy based on simulated (forecast) and/or measured values.
Elements of the RTC system
The measuring system Rainfall measurement. About 25 rainfall measurement stations are installed throughout the city. The data are transferred via automatic dialling to a separate data processing Measurements in the receiving waters. The water levels in the key receiving waters and in the Wienerwald creeks are measured as well.
The simulation model
The data of the Vienna sewer system have been entered into a sewer network database. The Vienna sewer system comprises approximately 53,000 pipes with an overall length of approximately 2,200 km (Figure 4) . These raw data were combined to a sewer network that was suitable for computer simulation. The software HYSTEM-EXTRAN is used as a hydrodynamic rainfall-runoff simulation model. In a further step, the complete detailed sewer network has been converted into a coarse network with approximately 2,600 pipes. All relevant storage pipes, pumps, relief pipes and other structures are maintained. This coarse network forms the basis for the online simulations used by the control system. The determination of the impervious areas is based on the results of an aerial infrared photograph interpretation.
The rule-based control system
For the simulation of the RTC the software application ITWH-CONTROL is used. ITWH-CONTROL is suitable for both the simulation of manual control and the future use in a real sewer system. The centrepiece of ITWH-CONTROL is a rule interpreter.
The rule interpreter makes its control decisions based on rules (if-then relations), which are evaluated with the aid of fuzzy logic and input values as water levels, flows, etc. that are either calculated with HYSTEM-EXTRAN or measured in the sewer system, as well as further parameters. For a simulation these decisions are delivered to the simulation model. In a real sewer system the decisions are transmitted to the process control system. The control decisions including the applied rules and limiting conditions are recorded and can be used later for a manual or automatic improvement of the rule basis in a self learning mode.
The rainfall forecast
The forecasting method used here can be classified as a so-called "tracking method" which is based on the location of cells. According to the method attempts are made to find the best correspondence for every individual cell. By identifying individual cells in successive data records the moving direction and velocity of the cells can be determined. By comparing the rainfall data of the cells in the different data records, a qualitative statement about their change (growth or decay) can be derived.
Results of the simulated control
The rule-base was set up in such a way that at the beginning of an event the pump rate to the wastewater treatment plant increases to its maximum and all runoff is stored in the storage pipes as long as storage capacity is available. If a combined sewer overflow cannot be avoided, priority is given to the discharge into the river Donau. For the RHSK catchment, discharge priority is given to the upstream combined sewer overflows, to avoid a mixing of the runoff coming from the Wienerwald area with the one from the city centre. If the capacity of the storage pipes is reached the rainwater pumps in the LDS catchment are switched on to avoid flooding of this catchment.
The actual plans are to go into operation with the LDS first at the beginning of March 2005. The simulated results for this part of the system are shown under different assumptions in Figures 5 and 6 . For the assumption of constant areal rainfall (using only one rain-gauge in the city centre) the mean reduction in overflow volumes is about 107,000 m 3 or 33%. In the realistic approach with areal rainfall data using all available rain-gauges the reduction is about 43,000 m 3 . The reason for this difference is mainly caused by the limited available events with sufficient areal rainfall information. Figure 7 shows the simulated volumes and loads for an event with extensive rainfall, where nearly the whole capacity of the pipes was needed for the diversion of the flows. But even for this event a certain reduction of the CSO volume (2.4%) was possible. The reduction of the CSO loads was much bigger (6.2% for COD), because the rule base is designed in such a way that the "first flush" is captured and pumped to the treatment plant. 
Summary
The paper describes the design and the first phases of the realization of a real-time control for the Vienna sewer system. The project is scheduled for completion for 2005. The 3.5 year project comprises all planning stages starting with the recording of data up to the planning of measuring and controlling units. At this stage, the following results can be derived: † The necessary time for the setup of a measurement system in such a big scale should be considered seriously; † Such an advanced project can only be handled with a team consisting of people with different backgrounds; † For the realization of the construction work sufficient time should be accounted for; † The simulations show that there is a big benefit in installing an RTC system for the sewer system of the city of Vienna. During the last months the system was finally set up and went into operation in a test mode. The results achieved are analysed and compared to the simulated ones leading to an improvement of the rule base.
